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(54) Title: METHOD FOR DETECTING AND IDENTIFICATION OF HAZARDOUS SUBSTANCE 



ON 

ON (57) Abstract: The invention is related to a method for detection and identification of concealed substances or materials that are 
^ hazardous to humans and environment. The effecttive use of the method for detection and identification of hazardous substances, 
^ concealed by their inclusion in the masking matrix of various dielectric materials, is realized on the basis of the possibility of per- 
Jjj forming detection and identification of the hazardous substance in the matrix by means of the characteristic thermal picture of the 
^ material after thermal activating with a thermal pulse of defined geometrical parameters and energy, as said picture is an integral 
characteristic of the material ability to absorb the stimulating visible and infrared radiation and to transform it into a bulk or surface 
Q source of heat for the remaining part of the material, of the material ability to emit back the absorbed radiation, changing the wave- 
^ length of the incident radiation, and also of the material ability to perceive the absorbed thermal energy through thermal conductivity 
^ from the shaped-up secondary source of heat and to change its own temperature in that transitional thermal process. 
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A METHOD FOR DETECTION AND IDENTIFICATION 
OF HAZARDOUS SUBSTANCES 
FIELD OF THE INVENTION. 

The invention is related to a method for detection and identification of concealed substances 
5 or materials that are hazardous to humans and environment. The hazardous substances may be 
diverse in their nature: explosive, inflammable, strongly toxic, biologically active or narcotic 
substances. Generally, such substances are concealed through their temporary or permanent 
inclusion into the matrix of various materials, for instance polymers, with the purpose of mak- 
ing an illegal transportation or use for a teirorist or other activity. Said materials are then used 
10 for making objects of traditional use, which impede their detection. Said method enables the 
fast and certain detection and identification of hazardous substances that have been concealed 
in that way. 

BACKGROUND OF THE INVENTION. 

The purposeful and most often malfeasant concealment of hazardous substances is per- 
is formed through their temporary or permanent inclusion into a masking matrix of various 
materials. For instance, they are permanently included into the matrix of polymer materials, 
which are used for making objects of traditional use or processed materials in the form of 
powder, jelly, or shoe-cream. As concerns the temporary inclusion, it is most often realized 
into the microporous structure of a fabric or non-woven textile, first the material being im- 
20 mersed into a solvent, e. g. water, and then dried up. After the temporary inclusion into a 
microporous matrix, extracting said hazardous substance is performed through its dissolving 
anew in a solvent. Then said substance is extracted from the pores. 

Hazardous substances may of different origin and diverse physical and chemical nature: 
explosive, inflammable, strongly toxic, biologically active or narcotic substances. Very often, 
25 in diverse production processes or as a result of consumption there occur substances being 
hazardous for humans and environment, which are not subject to a continuous safe storage, 
processing or use, but, at the same time, could be used ill-intentionedly through an appropriate 
concealmentEspecially hazardous are toxic, strongly toxic, biologically active, narcotic, 
inflammable and explosive substances. 
30 Explosive substances can be used in the form of the well known plastic explosive for in that 
concealed state they are always ready for use. 
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A lot of methods, based on various physical principles, for detection of hazardous explosive 
substances placed or concealed in metal casings (of electric conductivity) or in casings 
containing metal parts are known 

However, the main disadvantage of these methods known so far consists in their confined 
5 field of application, as they cannot be applied for detecting dielectric hazardous substances. 
Thus is important because that is the nature of the explosive substances and because that is 
the case of such substances concealed into a dielectrical masking matrix of no electric con- 
ductivity* 

Methods of analysis are known, which are based on the feet that the hazardous substance, 
10 although concealed in an unusual form, is accessible by sampling the surface, for instance by 
means of an adhesive strip. Then the sample is examined by the highly sensitive nuclear 
magnetic resonance. 

A primary disadvantage of the known method described above consists in its limited application be- 
cause in the case of wetting (integrating) the hazardous substance from the matrix, e. g. an explosive 

15 substance, such a sample cannot be taken and examined. The same is valid for cases where an adhesive 
or similar substances of bonding properties are deposited on the material surface. 

Methods for analysis of the structure and composition of dielectric materials are also known, which 
perform the analysis on particles dispersed over the surface or in the air or through their vapors emitted 
into the air. The analysis is performed at high treshold sensitivity (10 g/cm 3 ) by means of detecting 

20 devices. To detect the concealed substance it is sufficient to bring the detecting device to a distance of 
35 to 40 mm from the surface of examined body and move it at a speed of 40 mm/s over the examined 
surface. In these methods for detection and identification of a substance by its powder particles or 
vapors the principle of spectrometry is used, which is based on capturing the ion mobility of ionized 
vapors or particles of the substance. 

25 Hie main disadvantage of said known method described above consists in its limited application, tak- 
ing into consideration the fact that it is not efficient in detecting hazardous substances, which are wet- 
ted (integrated) and contained in the matrix of the fixing substance as well as in analyzing those 
substances, on the surface of which a special coating has been deposited with the purpose of not allow- 
ing the emission of powder or vapors into the air. 

30 Methods for identification and analysis of the structure and composition of dielectric materials 
through electromagnetic polarization and depolarization of the polymer matrix as 
well as of the additives included into it are known. The analysis is carried out on the basis of the 
orienting action of the external force (magnetic or electric) field upon certain kinetic structural elements 
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inherent to the matrix and filler: segments, groups, defects. The polarization (electrical or magnetic) of 
the dielectric is exhibited only in the presence of lightened kinetic mobility, i e. upon its activation by 
heat or by introducing mechanic energy: through an acoustic action (ultrasound). Under these condi- 
tions, the orientation process of electrical or magnetic polarization is the primary one, while the 
5 physical structural modification of the material is the second aspect of manifestation of the polarized 
material. A characteristic structural anisotropy is exhibited as well as the anisotropy of the properties of 
the polarized material. 

The electric polarization is realized at a relatively high intensity of the electric (permanentno or 
pulsed) field, which is hazardous for the service personnel and increases the risks of explosion or fire in 

10 case of accidentally occurrence of electric discharge in the air. 

The magnetic polarization of diamagnetic type, i. e. that exhibiting the anisotropy transversely to the 
direction of the external magnetic field at relatively low induction of the magnetic field, is completely 
q>propriate for characteristic modification of the properties of the diverse materials that contain a 
hazardous substance. The susceptibility of the kinetic structural elements to magnetic polarization de- 

15 pends on their relaxation nature, and also on the temperature-and-frequency regime of polarization. 
Every magnetically polarized body is anisotropic in its structure and properties. Every magnetically 
polarized body is electrically polarized, which leads to the exhibition of surface electric charge and of 
external electric field. Every magnetically polarized dielectric body can be studied either by examining 
its electric polarization, or by examining the forced anisotropy of its properties. 

20 The forced change of the whole complex of physico-chemical properties due to the electromagnetic 
polarization can be used for identification not only of the polymer matrix, but also of the filling agent, 
namely the hazardous substance. 

The measurement of the electric charge, electric potential and quantity of electricity provides an an- 
swer not only about the compositiona, but also even about the types and intensities of movement of in- 

25 dividual groups and segments. However, this type of analysis called a thennoelectretic analysis or 
method of the thennostimulated polarization and depolarization cannot be used under real conditions 
because it is realized slowly in thermodynamically balanced conditions (heating at a rate from 0.3 to 
3.0 K/min, i. e. a "polarization - depolarization" analysis may go on for more than two hours. More- 
over, this is carried out by using a specimen of the material in the form of a capacitor of dielectric 

30 thickness of 3 mm and diameter of at least 50 mm, or here the method in question is practically a de- 
structive one, through which it will be possible to investigate die modification of materials or a 
technology for materials modification. This the main disadvantage that makes all existing methods us- 
ing magnetic polarization non-applicable to detection and identification of hazardous substances in a 
masking matrix of common external shape. 



WO 03/095998 4 PCTYBG02/00012 

A method for "visualization" of instantaneous two-dimensional invisible infrared image is known; a 
thermal picture that is periodically transformed into a visible image through die scanning linear 
movement of an elementary radiometric field of "vision" with an area many times smaller than that of 
the investigated picture, at which the distribution of the object's infrared brightness is transformed into 
5 visible brightness of the transfoimed image or into colour brightness corresponding to the infrared 
brightness of the visible image - a video signal that is received for decoding and visualization, the 
horizontal and vertical sweeps being synchronized with scanning in the surface analysis in such a way 
that the obtained thermal map of the surface reflect the relationship between the heat exchange realized 
through the thermal conductivity of the medium (the material) and its surface condition. Such systems 

10 are used not only in remote investigations of the Earth from the space, but also in die non-destructive 
testing of surfaces in respect to non-integrities: cracks, bubbles, cavities, etc. These methods have not 
been used for the detection and identification of substances hazardous for humans and environment, that 
have been concealed through their temporary or permanent inclusion in an appropriate masking matrix, 
infrared broadband radiometers with a planar focal zone and high resolution, for instance 

15 256 x 256 pixels, could be also used for direct transformation of the invisible infrared picture of the 
surface into a visible image (in black and white or colours) for determining the surface and volumetric 
thermal state of such hazardous materials and objects. 

SUMMARY OF THE INVENTION. 

Having taken into consideration the known methods for detection or identification of hazardous 
20 substances described above, the purpose of present invention is to be created a method for detection and 
identification of hazardous substances concealed through their temporary or permanent inclusion into 
the masking matrix of diverse materials, of which objects of traditional use or processed materials in the 
form of powder, jelly or shoe-cream are made, said method being distinguished by increased techno- 
logical and economical effectiveness, universality and reliability of detection and identification, im- 
25 proved quality and wider applicability. 

The objective of the invention is achieved by a method for detection and identification of hazardous 
substances concealed through their temporary or permanent inclusion into a masking matrix of diverse 
materials, of which objects of traditional use or processed materials in the form of powder, jelly or 
shoe-cream are made. 

30 The method for detection and identification of hazardous substances concealed through their 
temporary or permanent inclusion into a masking matrix of diverse materials, of which objects of 
traditional use or processed materials in the form of powder, jelly or shoe-cream are made, consists in 
subjecting a part of the material, i. e. a certain volume or layer located near the surface of the object or 
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material containing the concealed hazardous substance dispersed in its bulk, to an electromagnetic 
polarization, which, under the conditions of thermal or acoustical activation, depending on the intensity 
of the external magnetic field, apparent frequency of the external forced magnetic impact, composition 
and character of the material, causes an anisotropic re-structuring of the material in the direction along 
5 the external magnetic field or transversely to it, thus leading to the occurrence of a characteristic surface 
electric charge with a different sign and magnitude and a change in all physico-chemical bulk and 
surface properties of the polarized volume of the material, and in comparing the surface charge and its 
changed properties with the charge and properties of the remaining part of the bulk volume, unaffected 
by the polarization, and its adjacent surface of the material or object through "visualization 1 ', for 
10 instance by scanning the physical (electric or thermal) state of points from the whole surface, and 
transforming the magnitude of the electric charge or thermal potential into colour brightness of the 
image. 

According to the invention, an external local thermal impact in the form of at least two separate identi- 
cal spots of pre-set geometric form and average value of the surface density of the thermal power within 

15 0. 1 to 10.0 W/cm 2 is exerted upon an immobile or moving surface of the object or of the processed ma- 
terial, activating the group (and segment) kinetic molecular mobility of the hazardous substance and of 
masking matrix in the temperature range from room temperature (+15 °C + +35 °C) to a temperature of 
1 10 * 120 °C, and an impact of a magnetic field perpendicular to the investigated surface with a maxi- 
mum value of the magnetic induction within 0.05 to 0.8 T is exerted in the area of one of the two spots 

20 simultaneously with the thermal impact, a locally characteristic electromagnetic polarization of the ma- 
terial together with the concealed hazardous substance being performed in the area of one of the thermal 
spots, whereupon the thermal picture of the two thermal spots characterizing the material is periodically 
transformed into a visible image through scanning linear movement of an elementary radiometric field 
of "vision 11 with an area many times smaller than that of the investigated spots, upon which the distribu- 

25 tion of die infrared brightness of die object is transformed into a visible brightness of the transformed 
image or into colours corresponding to the infrared brightness of the visible image - a video signal that 
is received for decoding and visualization, the horizontal and vertical sweeps being synchronized with 
scanning in the surface analysis in such a way that the obtained thermal map of the surface reflect the 
relationship between die heat exchange realized through the thermal conductivity of the medium (the 

30 material) and its composition and structure - once through expert comparison of the results obtained 
with representative results obtained preliminarily through consecutive comparison of materials with 
different contents of said hazardous substance, and again through immediate comparison of the heat 
exchanges in the two spots, i. e. in the absence or in the presence of a specific change in the structure of 
die masking matrix and hazardous substance under the effect of the magnetic field - through the 



WO 03/095998 6 PCT7BG02/00012 

changes in the shapes and sizes of compared thermal spots after a known and precisely defined time 
period, through the difference between the maximum temperature values, and through the difference 
between the changes in the temperature gradient in different directions; and moreover: an analogous 
investigation of the invisible established two-dimensional picture of the distribution of the electrostatic 

5 charge on the surface of the two spots characterizing the material is performed in parallel with the in- 
vestigation of the two-dimensional thermal picture, the magnitude of the electric charge being transfor- 
med into a visible image through the scanning linear movement of an elementary electromagnetic field 
of "vision" with an area many times smaller than that of the investigated spots, where the distribution of 
the magnitude of electric discharge is transformed into a visible brightness of the transformed image or 

10 in colours corresponding to the magnitude of the surface electric charge - a video signal is obtained, 
which is received for decoding and visualization, the horizontal and vertical sweeps being synchronized 
with scanning in the surface analysis; - the so obtained map of surface distribution of the electric charge 
reflects the magnetic polarization of the masking matrix together with the hazardous substance in the 
area of the second spot, or the electric charge exhibits itself only in the area of the magnetically polar- 

15 ized material, the maximum value of the charge, its distribution, the change in the gradient of its distri- 
bution and die shape of observed spot being defined by the composition and structure of the material 
examined; and in such a way the presence and type of the hazardous substance are determined by apply- 
ing expert examination and comparison of results obtained from the investigation of the thermal and 
electric pictures of die spots characterizing the material with representative results obtained preliminar- 

20 ily in the consecutive comparison of materials with different contents of said hazardous substance, and 
by directly comparing the thermal and electric characterizing spots obtained 

According to one embodiment of said method, the transformation of the invisible thermal image or 
thermal picture into visible image is realized by the scanning mechanical movement of an elementary 
radiometric field of "vision" with an area many times smaller than that of the examined spots, the 

25 horizontal and vertical image sweeps being synchronized with scanning in the surface analysis. 

According to one embodiment of said method, the transformation of the invisible thermal image into 
visible image is realized directly by means of an infrared detector of three-dimensional resolution of at 
least 256 x 256 pixels and cryogenic cooling, excluding the use mechanic scanning system. 
According to one embodiment of said method, the local thermal impact is realized upon the immobile 

30 surface of the object or material by a source of infrared thermal radiation, working in a pulsed regime in 
such a way that two identical round thermal spots of sufficiently large areas are formed by two consecu- 
tive pulses with the same geometric parameters and energy. 

According to one embodiment of said method, the local thermal impact is realized upon the linearly 
moving surface of the object or material by two immobile sources of infrared thermal radiation, work- 
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ing in a continuous regime in such a way that parallel thermal stripes will be fonned by the two identi- 
cal focused spots when the surface is moving. 

According to one embodiment of said method, the local thermal impact upon the linearly moving 
surface of the object or material is realized by one immobile linear source of infrared thermal radiation, 
5 working in a continuous regime in such a way that thermal spots in fee form of parallel stripes along the 
direction of movement will be fonned when the surface is moving. 

According to another embodiment of said method, the local thermal impact upon the immobile 
surface of the object or material is realized by a mobile linear source of infrared thermal radiation, 
working in a pulsed regime in such a way that thermal spots in the form of two parallel stripes will be 
10 obtained transversally to the direction of movement when the source is moving. 

According to another embodiment of said method, the local thermal impact upon the surface is real- 
ized by a focused pulsed emission of a source of coherent light radiation, a laser, with a wavelength in 
the visible or infrared light regions. 

According to one embodiment of said method, the local thermal impact is realized by the focused 
15 emission of a linear or point bright infrared radiator (surface density of the radiator power within 50 to 
58 W/cm 2 , radiator temperature within 2300 to 2700 K), the shape of the spots being created by a ther- 
mal screen with appropriately formed openings for an immobile or moving surface of investigation. 

According to another embodiment of said method, the local thermal impact is realized by the focused 
emission of a linear dark infrared radiator (surface density of the radiator power within 10 to 
20 15 W/cm 2 ), die shape of the spots being created by a thermal screen with appropriately fonned openings 
for an immobile or moving surface of investigation. 

According to another embodiment of said method, the local thermal impact is the result of an 
acoustic ultrasonic impact being realized at the location of pressing between investigated surface and 
the front part of an ultrasonic cylindrical tool of non-magnetic material as a result of acoustic losses at 
25 the point of mechanical contact at frequencies within 15 kHz to 40 kHz and surface density of the 
power within 0.2 ao 0.4 W/cm 2 . 

According to one embodiment of said method; the magnetic field acts synchronously with the 
thermal impact during the formation of one of the spots and is created by a winding without any mag- 
netic core, the axis of which is perpendicular to the investigated surface, die thermal impact being real- 
30 , ized through its core. 

According to another embodiment of said method, the magnetic field acting synchronously with the 
thermal impact during die formation of one of the spots is created by a permanent magnet in the shape 
of a hollow cylinder, the axis of which is perpendicular to die investigated surface, the thermal impact 
being realized through the core of the permanent magnet. 
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According to one embodiment of said method, the instantaneous two-dimensional invisible infrared 
image, L e. the thermal map of the two thermal spots characterizing the material, is perceived during the 
transformation from the side of their formation, i. e. from the infrared thermal source. 

According to another embodiment of said method, the instantaneous two-dimensional invisible 
5 infrared image, i. e. the thermal map of the two thermal spots characterizing the material, is also per- 
ceived through the bulk of the investigated material, more information about that part of the spectrum of 
the thermal visible and infrared radiations absorbed by the material being obtained during the expert 
ex aminatio n and comparison of results obtained. 
According to one embodiment of said method, only the results obtained from the investigation of the 
10 thermal map of the spots characterizing the material with representative results obtained preliminarily 
from a consecutive comparison of materials with different contents of the hazardous substance are sub- 
ject to expert examination and comparison with the purpose of determining the presence and type of the 
hazardous substance. 

According to another embodiment of said method, only the results from the direct comparison of the 

15 obtained thermal characterizing spots are. subject to expert examination and comparison with the pur- 
pose of determining the presence and type of the hazardous substance. 

According to another embodiment of said method, only the results obtained from the investigation of 
the electric picture of the spots characterizing 4te material are subject to expert examination and 
comparison with the purpose of determining the presence and type of the hazardous substance. 

20 According to one more embodiment of said method, the expert examination and comparison are per- 
formed by computerized information processing and a unitary estimate of the presence and type of the 
hazardous substance is presented. 

The effective use of the method for detection and identification of hazardous substances, concealed 
by their inclusion in the masking matrix of various dielectric materials, is realized on the basis of the 

25 possibility of performing detection and identification of the hazardous substance in the matrix by means 
of the characteristic thermal picture of the material after thermal activating with a thermal pulse of de- 
fined geometrical parameters and energy, as said picture is an integral characteristic of the material abil- 
ity to absorb the stimulating visible and infrared radiation and to transform it into a bulk or surface 
source of heat for the remaining part of the material, of the material ability to emit back the absorbed 

30 radiation, edging the wavelength of the incident radiation, and also of the material ability to perceive 
the absorbed thermal energy through thermal conductivity from the shaped-up secondary source of heat 
and to change its own temperature in that transitional thermal process. 

The comparison is carried out on the basis of a database for the thermal picture of standard samples 
from various materials with different volumetric or mass contents of the hazardous substance; the sue- 
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cessful detection and identification of concealed hazardous substances will require an enormous volume 
of preliminary investigations and the creation of an expert system for making decisions. The system 
should be subject to self-instruction in the process of its use. 
Using said method creates conditions and possibilities for detection and identification of a hazardous 

5 substance by the thermal picture of the magnetically polarized material that carries more additional in- 
formation about the composition and structure of the composite material by the modified initial shape of 
the thermal spot, as in this case the change towards anisotropy in the thermal properties of the material 
in the area of thermomagnetic treatment is also involved, i. e. the modified shape from an initially round 
spot towards an oval with a longer or shorter transversal axis is determined by the exhibited anisotropy. 

10 All this carries more additional information about the composition and changes in the structure of the 
composite material. 

The detection and identification of the hazardous substance are carried out by comparison on the 
basis of a database for the thermal picture of standard samples from various materials with different 
volumetric or mass contents of the hazardous substance. 
15 Applying said method makes available the possibility of a comparative examination of the shape and 
distribution of the colour brightness of the two spots: in the zone of thermal and thermomagnetic 
external impact, including also by superposition (addition or subtraction) of the two pictures: a differen- 
tial comparison. 

The detection and identification of the hazardous substance are carried out by a differential 
20 comparison on the basis of a database for the thermal pictures of standard samples from various materi- 
als with different volumetric or mass contents of the hazardous substance. 

It is possible to visualize the distribution picture for the electrostatic charge or the electric potential in 
the region of the two spots and to analyse it by differential superposition. 

The detection and identification of the hazardous substance are carried out by differential 
25 comparison on the basis of a database for the electrical pictures of standard samples from various 
materials with different volumetric or mass contents of the hazardous substance. 

Possibilities are created for using all measurements according to the schemes indicated earlier and for 
performing the detection and identification on the basis of all acquired data. It will be rational to per- 
form, the detection, and identification by stages: if the investigation of the first spot gives a positive 
30 answer, investigating the second spot will be obligatory, as it will give an irrefutable evidence for the 
composition and structure of die composite hazardous material, but the remaining two stages could be 
avoided in order not to lengthen the time necessary for processing the information. However, when the 
answer is negative, it will be such just in the case of performing all the four stages, which corresponds 
to the triflYifflTiTn degree of certainty in decision making. It is possible, of course, to carry out thermal 
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investigations only, which will simplify the method but will by no means make the decision taken more 
reliable. 

The detection and identification of the hazardous substance are carried out cm the basis of all data 
(from the thermal and electrical pictures) from the investigation, petforming a comparison with stan- 
5 dard samples from various materials with different volumetric or mass contents of the hazardous 
substance. The successful detection and identification of concealed hazardous substances will require 
preliminary investigations and the creation an export system for making decision. The system should be 
subject to self-instruction in the process of its use, 

DETAIL DESCRIPTION OF THE INVENTION 

10 The method according to the invention can be applied to detecting and identifying substances, 
hazardous for humans and the environment (toxic, strongly toxic, biologically active, explosive, 
inflammable), that have been purposefully concealed through their temporary or permanent inclusion in 
the masking matrix of various dielectric materials, of which objects of traditional use or processed 
materials in the form of powder, jelly or shoe-cream are made. 

15 Said method is realized in-the following sequence: initially, an infrared pulse source of heat is di- 
rected towards the immobile surface of the processed material - a thennoreactive matrix with an 
explosive substance as a filler, included as 75 percent of the mass - and two thermal spots of identical 
geometry, situated next to each other, are formed, where in the formation of the second spot the infrared 
tight beam goes through the core of a small winding that creates a pulsed magnetic field and polarizes 

20 the magnetically activated composite material. The surface density of the power in focused thermal spot 
is of the order of 4 W/cm 2 . The background temperature in the thermally (dark) insulated investigation 
chamber is 20 °C (about 293 K). 

. The maximum value of magnetic induction in the area of the second thermal spot is 0.11 T. The 
magnetic pulse is synchronized with certain accuracy with the thermal radiation form the source in the 

25 area of the second spot. The two spots are observed for one minute at intervals of 10 s, the thermal pic- 
ture being taken several times by means of an infrared camera for non-destructive testing. 

The thermal picture is perceived from the side of the incident infrared beam There follows a com- 
parative analysis of thermal pictures, which is performed by the shape of the spots and its change with * 
time, the distribution of the colour brightness over the section of the spots and the anisotropy of the sec- 

30 ond spot The detection and identification are carried out by expert analysis of the database from an ex- 
perimental investigation of standard samples from the base of the same matrix with different content of 
the hazardous substance. 

Said method can be illustrated by the following exemplary embodiments: 
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Example 1. 

Two test specimens are used: «a mail envelope containing an elastic explosive substance (an experi- 
mental elastic explosive substance on the basis of tetranitrocentaerythrit - TEN835) in the form of a 
sheet with a thickness of 0.7 mm and »a mail envelope containing paper sheets. The envelopes are 
sealed and of the same exterior. 

A harmonically changing infrared radiation with frequency 0.03 Hz (mechanical modulation) from a 
powerful halogen lamp (1 kW) is used for exerting an impact on the whole surface of the mail envelope. 
A thermal wave is propagated through the material medium and penetrates to a depth \i that depends on 
the thermal conductivity ^ mass density p and thermal capacity c, i. e. on the thermal properties of 

materials as well as on the frequency of modulation (D-2n f: ji = ^ p C = ^ %> ■ 

thermal wave is reflected by the non-integrities and forms a backward thermal radiation that is per- 
ceived by an camera. This way two images are formed: one corresponding to the magnitude, which in- 
dicates the differences between the bodies concealed in the mail envelope, and another corresponding to 
the phase that is characteristic for the material. 

A magnetic field of induction 0. 1 1 T is used for exerting an impact on a part of the heated surface (a 
15 -mm wide stripe is obtained by moving the envelope), which causes a magnetic polarization not only 
of the envelope material, but also of its content. The electrostatic charge of the surface (by using an 
electrometer) or the intensity of the electric field (resulting from the polarization of materials) is meas- 
ured immediately. 

In such a way three essential (characteristic) differences are obtained, which are used for the identi- 
fication: first, a picture of the envelope interior that shows the different content (the material is not iden- 
tified!); second, a phase picture being a characteristic of the material, which is used for its identification 
by comparison with preliminarily prepared standards; and third, a higji electric potential or large elec- 
trostatic charge, which is characteristic for the elastic explosive. These three differences allow the de- 
tection of the plastic explosive by the form (if there is any difference) and by two different integral 
characteristics: a thermal and electric ones. 

Example 2. 

The same test specimens are used (mail envelopes with different contents). The surface of each 
envelope is subject twice to a single and continuous impact with an infrared (thermal) package of pulses 
- mechanically modulated light from a ruby laser - similarly to the modulation of Example 1. Two 
. round spots are formed on the investigated surface, the second being formed during the additional im- 
pact of the magnetic field with induction 86 mT, acting in parallel to the surface. 
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An infrared camera is used for observation of the change occurring in the spots with time - a change 
in the colour picture, i. e. in the temperature distribution, and a deviation from the round shape. An 
anisotropy of the thermal properties results from the magnetic polarization, which is reflected in the 
formation of a spot with the shape of an ellipse. 

5 The electric charge emerging on the envelope surface and the intensity of the electric field (resulting 
from die magnetic polarization) are also measured 

Two essential differences are obtained, which are used for detecting the content: first, a different 
temperature picture of the spot that is characteristic for the material inside the envelop, and second, a 
deviation in spot geometry which is characteristic for the magneticHara polarizationaam of the enve- 

10 lope material and ofthe sheet inside it 

Example 3. 

Two test specimens are checked: the first one, a metal vial, by shape and external design (inscrip- 
tions, graphical images) is identical ,to the second vial and is filled with an irritating and tear-exciting 
toxic combat substance from the group of chlorine agents: chloracetonephenone (CN); the second one 
1 5 contains a shaving foam, which is a content corresponding to the label. 

The procedure is according to that described in Example 1, the modulation frequency being chosen 
such that the thermal wave wfll penetrate deeply into the content of the metal vial: a frequency of 
0.3 Hz. 

Two essential and characteristic differences are obtained, which are used for identification: first, a 
20 picture of the vial interior that will indicate the different content (the material is nor identified!); and 
second, a phase picture that is a characteristic ofthe material and is used for its identification by com- 
parison with pre liminarily prepared standards. These two differences allow the detection of the toxic 
combat substance. 

Example 4. 

25 This inspection uses the specimens of Example 3. 

The surface of each vial is subject twice to a single and continuous impact with an infrared (thermal) 
package of pulses - mechanically modulated light from a ruby laser similarly to the modulation of 
Example L Two round spots are formed on die investigated surface, the second one being formed by 
the additional impact of a magnetic field with induction of 60 mT acting in parallel to the surface. 

30 An infrared camera is used for the observation of the change occurring in the spots with time: a 
change in the colour picture, i. e. ofthe temperature distribution, and a deviation from the round shape. 
An anisotropy of thermal properties results from the magnetic polarization, which is reflected in the 
formation of a spot with the shape of an ellipse.Two essential differences are obtained, which are used 
for detecting the content the first one is a different temperature picture ofthe spot that is characteristic 
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for the material inside die vial, and the second one is a deviation in the spot geometry that is 
characteristic for the magnetic polarization of the material inside the vial. 

5 Example 5. 

Two glass packages are checked: one containing a strong inflamma ble substance (napalm) in jelly- 
like form, and the other containing a jelly made of strawberries. Both glass packages have the same ex- 
ternal appearance corresponding to the content of strawberry jelly. 
The inspection is performed in accordance with the method described in Example 1. 

10 Example 6. 

The glass packages of Example 5 are checked. 

The inspection is realized in accordance with the method described in Example 2. 
Example 7. 

Two specimens are checked: parts of a metal walking stick, one of these is made of an aluminum 
15 alloy, and the other of a strong inflammable alloy of aluminum and magnesium called electron. Both 
specimens have the same form (a cylinder), and the difference by colour and brightness between them is 
not considerable. 

The inspection is performed in accordance with the methodology described in Example 1 with the dif- 
ference that in this case the electric potential or electrostatic charge is not measured. The picture of the 
20 temperature field and the phase picture are completely sufficient for detecting the difference between 
the two materials. 



30 



! 
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Claims 

1. A method for detection and identification of substances hazardous for humans and die environment, 
being concealed through their temporary or permanent inclusion into the masking matrix of various 
materials, from which objects of traditional use or processed materials in the form of powder, jelly 
5 or shoe-cream are made, said method being characterized by die fact that a local thermal 
impact in the form of two separate identical spots with a pre-set geometric shape and an average 
value of surface density of the thermal power within 0.1 to 10.0 W/cm 2 is exerted upon the immo- 
bile or moving surface of said object or of said processed material, said impact activating the group 
(and segment) kinetic molecular mobility of the hazardous substance and of the masking matrix in 

10 the temperature range from room temperature (+15 °C * +35 °C) to a temperature of 1 10 -s- 120 °C, 
and that also a magnetic field, which is normal (perpendicular) to the investigated surface with a 
maximum value of the magnetic induction within 0.05 to 0.8 T, exerts an impact in the area of one 
of the two spots simultaneously with the thermal impact that activates the kinetic mobility, where- 
upon the instantaneous two-dimensional invisible infrared image (the thermal picture) of the two 

15 thermal spots characterizing the material is transformed into a visible image through the scanning 
linear movement of an elementary field of "vision" with an area many times smaller than that of the 
investigated spots, upon which the distribution of the infrared brightness of the object is trans- 
formed into a visible brightness of the transformed image or into colours corresponding to the infra- 
red brightness of the visible image - a video signal that is received for decoding and visualization, 

20 the horizontal and vertical sweeps being synchronized with scanning in the surface analysis in such 
a way that the obtained thermal map of the surface reflect the relationship between the heat ex- 
change realized through the thermal conductivity of the medium (the material) and its composition 
and structure - once through expert comparison of the results obtained with representative results 
obtained preliminarily through consecutive comparison of materials with different contents of said 

25 hazardous substance, and again through immediate comparison of the heat exchanges in the two 
spots, i. e. in the absence or in the presence of a specific change in the structure of the masking ma- 
trix and hazardous substance under the effect of the magnetic field - through the changes in the 
shapes and sizes of compared thermal spots after a known and precisely defined time period, 
through the difference between the maximum temperature values, and through the difference be- 

30 tween the changes in the temperature gradient in different directions; and moreover: an analogous 
investigation of the invisible established two-dimensional distribution picture of the electrostatic 
charge on the surface of the two spots characterizing the material is performed in parallel with the 
investigation of the two-dimensional thermal picture, the magnitude of the electric charge being 
transformed into a visible image through the scanning linear movement of an elementary electro- 

35 magnetic field of "vision" with an area many times smaller than that of the investigated spots, 
where the distribution of the magnitude of electric discharge is transformed into a visible brightness 
of the transformed image or in colours corresponding to the magnitude of the surface electric 
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charge - a video signal is obtained, which is received for decoding and visualization, the horizontal 
and vertical sweeps being synchronized with scanning in the surface analysis; - the so obtained 
map of surface distribution of the electric charge reflects the magnetic polarization of the masking 
matrix together with the hazardous substance in the area of the second spot, or the electric charge 

5 exhibits itself only in the area of the magnetically polarized material, the maximum value of the 
charge, its distribution, the change in the gradient of its distribution and the shape of observed spot 
being defined by the composition and structure of the material examined; and in such a way the 
presence and type of the hazardous substance are determined by applying expert examination and 
comparison of results obtained from the investigation of the thermal and electric pictures of the 

10 spots characterizing the material with representative results obtained preliminarily in the consecu- 
tive comparison of materials with different contents of said hazardous substance, and by directly 
comparing the thermal and electric characterizing spots obtained 

2. A method according to claim 1, characterized by the fact that the local thermal impact 

upon the immobile surface of the object or material is realized by a source of (infrared) thermal radia- 
15 tion, working in- a pulsed regime in such a way that two identical round thermal spots are formed by two 
consecutive pulses with the same energy; 

3. A method according to claim 1, characterized by the fact that tocal thermal impact upon 

the linearly moving surface of the object or material is realized by two immobile sources of (infrared) 
thermal radiation, working in a continuous regime in such a way that parallel thermal stripes will be 
20 formed by the two identical focused spots when the surface is moving; 

4. A method according to claim 1, characterized by the fact that the local thermal impact upon the 
linearly moving surface of the object or material is realized by an immobile linear source of 
(infrared) thermal radiation, working in a pulsed regime in such a way that thermal spots in the 
form of two parallel stripes will be obtained transversally to the direction of movement when the 

25 surface is moving; 

5. A method according to claim 1, characterized by the fact that the local thermal impact upon the 
immobile surface of the object or material is realized by a mobile linear source of (infrared) thermal 
radiation, working in a pulsed regime in such a way that thermal spots in the form of two parallel 
stripes will be obtained transversally to the direction of movement when the source is moving; 
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6. A method according to claim 1, characterized by the fact that the local thermal impact upon the 
surface is realized by a focused pulsed emission of a source of coherent light radiation, a laser, with 
a wavelength in the infiared light region; 

7. A meth od according to claim 1 , characterized by the feet that the local thermal impact is realized by 
5 the focused emission of a linear or point bright infrared radiator (surface density of the radiator 

power within 50 to 58 W/cm 2 , radiator temperature within 2300 to 2700 K), the shape of the spots 
being created by a mask: a thermal screen with q>propriately formed openings for an immobile or 
moving surface of investigation; 

8. A method according to claim 1, characterized by the feet that the local thermal impact is realized by 
10 the focused emission of a linear dark infiared radiator (surface density of the radiator power within 

10 to 15 W/cm 2 ), the shape of the spots being created by a mask: a thermal screen with appropri- 
ately formed openings for an immobile or moving surface of investigation; 

9. A metliod according to claim 1, characterized by the fact that said local thermal impact is a result of 
an acoustic, /. e. ultrasonic impact being realized in the location of pressing between the investi- 

15 gated surface and the front part of an ultrasonic cylindrical tool of non-magnetic material (for in- 
stance, duralumin) as a result of acoustic losses at the point of mechanical contact at frequency 
within 1 5 kHz to 40 kHz and surface power density within 0.2 to 0.4 W/cm 2 ; 

10. A method according to claim 1, characterized by the fact that said magnetic field acts synchro- 
nously with said thermal impact during the formation of one of said spots and is created by a wind* 

20 ing without any magnetic core, the axis of which is perpendicular to the examined surface, said 
thermal impact being realized through its core; 

11. A method according to. claim 1, characterized by the feet that said magnetic field acts synchro- 
nously with said thermal impact during the formation of one of said spots and is created by a per- 
manent magnet having the shape of a hollow cylinder, the axis of which is perpendicular to the ex- 

25 amined surface, said thermal impact being realized through the core of said permanent magnet; 

12. A method according to claim 1, characterized by the fact that said instant two-dimensional invisible 
infrared image, j. e. the thermal map of said two thermal spots characterizing said material, is per- 
ceived in the transformation from the side of their formation or from said infrared thermal source; 



13. A method according to claim 12, characterized by the feet that said instant two-dimensional invisi- 
30 ble infrared image, L e. the thermal map of said two thermal spots characterizing said material, is 
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perceived in the transformation through the bulk of the examined material as well, and that more in- 
formation about that part of the spectrum of die (thermal) infrared radiation, which is absorbed by 
the material, is obtained by expert examination and comparison of results obtained. 

14. A method according to claim 1, characterized by the feet that solely the results obtained by the ex- 
amination of the thermal map of said spots characterizing said material with representative results 
obtained preliminarily by consecutive comparison of materials having diverse contents of said haz- 
ardous substance are subject to expert examination and comparison with the purpose of determining 
the presence and type of said hazardous substance; 

15. A method according to claim 1, characterized by the feet that solely the results from the direct com- 
parison of obtained thermally characterizing spots are subject to expert examination and compari- 
son with the purpose of determining the presence and type of said hazardous substance; 

16. A method according to claim 1, characterized by the feet that solely the results obtained by examin- 
ing the electric picture of said spots that characterize said material are subject to expert examinaticm 
and comparison with the purpose of determining the presence and type of said hazardous substance; 

17. A method according to claim 1, characterized by the fact that the expert examination and compari- 
son are realized by computerized information processing and a unitary estimate of the presence and 
type of said hazardous substance is presented. 
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